Background
==========

Vertebral artery (VA) aneurysms involving the posterior inferior cerebellar artery (PICA) or PICA aneurysms, which are not amenable to endovascular or open clip reconstruction, may need to be treated by trapping and bypass. An occipital artery (OA) to PICA bypass is one of the most commonly used procedures for the reconstruction of the PICA. The caudal loop of the PICA may be used as the recipient artery during an OA-PICA bypass because it works well for anastomosis.^[@B1]--[@B4]^ Although an OA-PICA bypass is a comparatively standard procedure, the bypass is difficult to perform in some cases because of the location and condition of the PICA. A trans-cerebellomedullary fissure (CMF) approach has been considered as an important procedure for fourth ventricle and vermian lesions and distal PICA aneurysms.^[@B5]--[@B9]^ In the present study, the usefulness of the unilateral trans-CMF approach was investigated in patients who needed an OA-PICA bypass.

Methods
=======

Thirty patients with VA or PICA aneurysms underwent OA-PICA bypass surgeries at the Fukuoka University Hospital from October 2010 to September 2015. Among them, the unilateral trans-CMF approach was used in 13 patients in order to create a sufficient operative field for OA-PICA anastomosis. The unilateral CMF approach was performed with opening the uvulotonsillar and medullotonsillar space. The medical records and operative records of all of the patients were retrospectively reviewed.

Results
=======

Patient characteristics and surgical results
--------------------------------------------

The mean age of the 13 patients was 60.9 years (range, 38--82 years). The 13 cases included 3 ruptured and 10 unruptured aneurysms. In the 10 patients with unruptured aneurysms, 4 patients presented aneurysmal dilatation of the VA or PICA after a brain stem or cerebellar infarction. Another 2 patients presented with headache or neck pain, 1 patient presented lower cranial nerve palsy, and 3 patients had no clinical symptoms. The primary diseases were VA-PICA aneurysms in 5 patients, VA aneurysms in 5 patients, and PICA aneurysms in 3 patients. The unilateral trans-CMF approaches were performed because of two reasons that depended on the PICA location or situation: either the caudal loop that was located at the lower level of the caudal tip of the tonsil could not be used as a recipient artery because of arterial dissection (3 patients), or the tonsillo-medullary segment that was located at the upper part of the CMF did not have a caudal loop that was large enough (10 patients). In the 3 patients that presented caudal loop dissection, the cranial loop was chosen as the recipient artery after the opening of the CMF. In the 10 patients with the small caudal loop, the tonsillo-medullary segment that was located in the upper part of CMF was chosen as the recipient artery after opening the CMF and rostrally displacing the tonsillo-medullary segment as much as possible. In all 13 patients, the OA-PICA anastomosis was successfully performed without any significant problems during the temporary occlusion of the PICA. The mean temporary occlusion time of the PICA was 21 min (18--33 min) during anastomosis in our patients. After the OA-PICA bypass, the trapping of the aneurysm or proximal ligation of the aneurysm were performed. In 1 patient (patient \#10), an ultrasound examination showed slow flow of the OA-PICA bypass due to a thrombus at the proximal side of the OA before dural closing. It was not possible to improve the bypass flow after an embolectomy at the proximal OA region. Therefore, we changed the surgical strategy for VA aneurysms, and proximal ligation of the VA aneurysm was performed for flow reduction of the aneurysm. The surgical treatments were performed in the other 12 patients without any problems. The postoperative courses were uneventful in 9 patients, including patient \#10. Two patients experienced transient dysphagia and hoarseness. Two patients experienced limb ataxia caused by a small brain infarction in the medulla due to a perforated artery close to the VA aneurysm. The Modified Rankin Scale (mRS) scores were 0 in 11 patients, 1 in 1 patient, and 2 in 1 patient over a year after the surgery ([Table 1](#T1){ref-type="table"}).

Representative cases
--------------------

### Case \#2 (Caudal loop dissection):

A 65-year-old man was admitted to our hospital for the treatment of a bilateral cerebellar infarction. A magnetic resonance angiogram that was performed upon admission showed stenosis of the proximal portion of the left PICA. Anticoagulant therapy with heparin was started after admission, and aneurysmal dilatation of the proximal portion of the PICA was observed on a magnetic resonance angiogram and angiography after two weeks. Trapping of the aneurysm with OA-PICA anastomosis at the caudal loop of the PICA was planned. The patient was placed with his right side down in a park-bench position, and a horseshoe-shaped skin incision was made in his left side. A left lateral suboccipital craniotomy (with craniectomy of the lateral part of the foramen magnum) and drilling of the condyle fossa were performed following OA stripping from the skin-muscle flap. The dura mater was opened, and the cerebellar hemisphere was gently retracted following sharp dissection of the arachnoid mater surrounding the lower cranial nerves. An aneurysm was observed at the proximal portion of the PICA, and a caudal loop was located at the lower level of the caudal tip of the tonsil. The entire area of the caudal loop was discoloured purple by arterial dissection. The CMF on the lesion side was dissected as widely as possible from the obex to the lateral recess. The normal cranial loop that was identified in the upper inside of the CMF was suitable for anastomosis. The dissecting aneurysm of the PICA was trapped with a titanium clip following the OA-PICA (cranial loop) end-to-side anastomosis. The dissecting PICA was resected for pathological examination. Indocyanine green video angiography showed good patency of the OA-PICA bypass. The dural closure was made watertight with muscle pieces and fibrin glue, and the bone flap was fixed with a titanium plate. The postoperative course was uneventful and without any neurological deficits. Postoperative magnetic resonance imaging and angiography revealed no fresh infarctions in the PICA territory, successful trapping of the aneurysm, and good patency of the OA-PICA bypass ([Fig. 1](#F1){ref-type="fig"}).

### Case \#3 (high position of the caudal loop):

An 82-year-old woman was admitted to our hospital for the treatment of a subarachnoid haemorrhage (World Federation of Neurological Surgeons grade I). An angiography revealed a left ruptured PICA aneurysm that arose from the proximal portion of the PICA. A left lateral suboccipital craniotomy (with craniectomy of the lateral part of the foramen magnum) and drilling of the condyle fossa were performed following OA stripping from the skin-muscle flap. The dura mater was opened, and the cerebellar hemisphere was gently retracted following sharp dissection of the arachnoid mater surrounding the lower cranial nerves. The ruptured aneurysm at the proximal portion of the PICA was identified in front of the hypoglossal nerve. The caudal loop of the PICA was not seen below the tonsil. A small caudal loop that was identified in the upper inside of the CMF was suitable for anastomosis following the wide opening of the CMF on the lesion side. The tonsillomedullary segment was rostrally displaced as much as possible in order to create a good surgical field for the anastomosis. The aneurysm was obliterated with titanium clips following the OA-PICA end-to-side anastomosis. Indocyanine green video angiography showed good patency of the OA-PICA bypass. The postoperative course was uneventful and without any neurological deficits. Postoperative magnetic resonance imaging and angiography revealed no fresh infarctions in the PICA territory, successful clipping of the aneurysm and good patency of the OA-PICA bypass ([Fig. 2](#F2){ref-type="fig"}).

Discussion
==========

Ausman et al. reported the first intracranial posterior circulation revascularization procedure, which was an OA-PICA anastomosis performed to treat vertebrobasilar insufficiency.^[@B10]^ Since then, OA-PICA bypasses have played an important role in the cerebral revascularization of the posterior circulation.^[@B2],[@B3],[@B11]--[@B16])^ Kawashima et al. conducted an anatomical study of OA-PICA bypasses, which showed several advantages: 1) The recipient vessel, which is usually the caudal loop of the PICA, has a rather large diameter, thus making the anastomosis easier; 2) The lumen caliber of the donor vessel, which is usually the OA, closely approximates that of the recipient vessel; 3) The bypass surgery can be performed in a shallow and wide operative field, which makes the procedure easier.^[@B1]^ The caudal loop of the PICA is commonly located at the lower level of the caudal tip of the tonsil, and this is one of the reasons that the caudal loop is suitable as the recipient artery.

The PICA arising from the VA has the variable course of the cerebellar arteries. The PICA is closely related to the cerebello-medullary fissure, the inferior half of the fourth ventricular roof, the inferior cerebellar peduncle, and the sub-occipital surface of the cerebellum. The PICA is divided into the five segments. The anterior and lateral medullary segments are located anterior to and between the lower cranial nerves, respectively. The tonsillo-medullary and telovelo-tonsillar segments are located behind the lower cranial nerves and coursing the posterior part of the medulla. The tonsillo-medullary segment commonly courses near the lateral recess and then posteriorly to reach the inferior pole of the tonsil with the formation of a caudal loop. This segment may also course superior or inferior to the caudal pole of the tonsil with or without forming a caudal loop. This caudal part of the tonsillomedullary segment is located between 10.0 mm inferior and 13.0 mm superior to the caudal tip of the tonsil. The tonsillomedullary segment may also courses along the lateral recess and reaches the roof of the forth ventricle without forming a loop. The telovelotonsillar segment also often forms a loop, called the cranial loop coursing upper part of the CMF. The cranial loop of the PICA is located caudal to the fastigium between the cerebellar tonsil below and the tela choroidea and posterior medullary velum above.^[@B7],[@B17],[@B18]^ The tonsillo-medullary segment passing the superior part of the caudal tip of the tonsil and the cranial loop of the telovelotonsillar segment can be exposed after opening the CMF ([Fig. 3](#F3){ref-type="fig"}).

Matsushima et al. described the importance of the trans-CMF approach for lesions located in the fourth ventricle.^[@B8],[@B19]^ The trans-CMF approach provides a wide and safe operative field without a neural tissue incision. The approach and procedures for opening the CMF have been reported under several names because they have been applied to different lesions and because different portions of the CMF were opened and utilized.^[@B13],[@B20]--[@B27]^ The CMF approach has been classified in four variations. The trans-CMF approach is possible to expose four different regions in or around the forth ventricle: 1) the interior of the CMF, 2) the interior of the fourth ventricle, 3) the region from the CMF to the cerebellomedullary cistern, 4) only the cerebellomedullary cistern.^[@B28]^ Opening of the unilateral CMF makes it possible to retract the inferior part of the cerebellum easily and provides a wide operative field and good visualization in the cerebello-medullary space.^[@B5],[@B6]^

The tonsillo-medullary and telovelo-tonsillar segments of the PICA course behind the tela choroidea and inferior medullary velum. These segments of the PICA can be exposed after widely opening the unilateral CMF without cutting the taenia and telovelar tissue ([Fig. 4](#F4){ref-type="fig"}). After widely opening the unilateral CMF, a wide space, which we called the cerebello-medullary space suitable for anastomosis, can be obtained. Careful observation is required to detect the perforating artery arising from the PICA going to the brainstem. When the PICA has no major perforating artery inside the CMF, this artery is suitable as a recipient artery. The recipient artery should be transposed inferiorly as much as possible and fixed with a rubber sheet, which works well for anastomosis. An OA-PICA end-to-side or end-to-end anastomosis can be performed inside the CMF with a 10-0 or 9-0 nylon monofilament needle ([Fig. 3](#F3){ref-type="fig"}). The computed tomography (CT) or magnetic resonance image (MRI) should be performed before surgery to confirm the location of the recipient artery. The relationships of the CMF and PICA can be visualized by the CT angiography or MRI angiography and this information is very useful in helping to plan the surgical strategy ([Fig. 2C](#F2){ref-type="fig"}). The trans-CMF approach is not suitable for anterior or lateral medullary segment of the PICA located in front of the lower cranial nerves. The lower cranial nerves and major perforating arteries arising from anterior or lateral medullary segment of the PICA can be protected by trans-CMF approach because this approach provides the wide operation field behind the lower cranial nerves.

Ischemic surgical complications should be considered during and after the operation. The OA has a high (13%) rate of spasm and occlusion in previous report.^[@B16]^ Thus, a back-up plan, consisting of either a PICA-PICA bypass or a vertebral-PICA jump graft using the radial artery or a saphenous vein, must be in place.^[@B4]^ We found a thrombotic occlusion of the proximal portion of the OA after a successful OA-PICA anastomosis (Patient \#10). In this case, we changed the treatment strategy during the operation, and the postoperative course was uneventful. Consideration of the temporary occlusion time of the PICA during anastomosis is also important in order to avoid an intraoperative ischemic complication. The mean temporary occlusion time of the PICA during anastomosis at the cerebello-medullary space was no longer than that for anastomosis outside the cerebello-medullary space. There were no postoperative complications due to OA-PICA bypass with opening of the CMF in our cases.

Conclusion
==========

We used the unilateral trans-CMF approach technique in 43.3% (13/30) of the OA-PICA bypass patients. When the tonsillo-medullary segment course had a high position for the CMF or the proximal portion of the telovelo-tonsillar segment of the PICA was used as the recipient artery, the trans-CMF fissure approach provided a sufficient and safe operative field for OA-PICA anastomosis.
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![Radiological and intraoperative images of patient \#2 (A) Left vertebral artery (VA) angiography revealed an aneurysm at the proximal portion of the posterior inferior cerebellar artery (PICA; *asterisk*). The pearl and string sign of the PICA can be seen at the lateral medullary segment. (B) The patient was placed with his right side down in a park-bench position, and a horseshoe shaped was made. The occipital artery (OA) was stripped from the skin-muscle flap (*black arrow*). A left lateral suboccipital craniotomy with drilling of the lateral part of the foramen magnum and condyle fossa were performed. (C) An aneurysm of the proximal portion of the PICA was observed (*asterisk*). The wall of the aneurysm was very thin. (D) The left cerebellomedullary fissure (CMF) was dissected as widely as possible in order to expose the cerebellomedullary space (*white dotted line*). The entire area of the lateral medullary segment and tonsillo-medullary segment of the PICA were discoloured purple by arterial dissection (*black arrowheads*). The normal coloured cranial loop of the telovelotonsillar segment was identified at the upper level of the cerebello-medullary space (*white arrow*). (E) An OA (*black arrows*)-PICA end-to-side anastomosis was done at the proximal portion of the telovelotonsillar segment of the PICA (*white arrow*). The aneurysm was trapped with a titanium clip, and the dissecting PICA was resected for pathological examination. (F) Postoperative angiography revealed good patency of the OA-PICA bypass.](nmc-57-284-g1){#F1}

![Radiological and intraoperative images of patient \#3 (A) A computed tomography scan revealed a diffuse subarachnoid haemorrhage that was predominantly seen at the left cerebello-pontine angle. (B) Left VA angiography revealed an aneurysm arising from the proximal portion of the PICA (*white arrow*). The tonsillo-medullary segment was located at the upper part of the CMF without a large caudal loop (*white arrow head*). (C) A enhanced computed tomography scan revealed a tonsillomedullary segment located at upper part of the CMF (*white arrow head*) located at the same level of the choroid plexus of the lateral recess (*black arrow head*). (D) The tonsillo-medullary segment of the PICA (*asterisk*) was exposed and displaced rostrally following wide opening of the CMF. (E) An OA-PICA end-to-side anastomosis was done using rubber sheet at the upper part of the cerebellomedullary space (*white arrow*). (F) Postoperative three-dimensional computed tomography angiography revealed successful trapping of the aneurysm (*black arrow*) and good patency of the OA-PICA bypass (*white arrow*).](nmc-57-284-g2){#F2}

![Schematic illustrations showing the relationship between the CMF and the tonsillomedullary segment of the PICA. An aneurysm of the proximal portion of the PICA is located in front of the lower cranial nerves. (A, B) These illustrations show typical type of the caudal loop of the tonsillomedullary segment of the PICA. The caudal loop is located at the lower level of the caudal tip of the tonsil. (A) The OA-PICA bypass was performed without using the trans-CMF approach. (B) An aneurysm is trapped using titanium clips. The transcondylarfossa approach was suitable for trapping of the aneurysm. (C, D) These illustrations show high position of the caudal loop of the PICA. (C) The caudal loop of the tonsillomedullary segment of the PICA, which is located in the upper part of the CMF without a large caudal loop, was exposed after opening the CMF. (D) The OA-PICA bypass and trapping of the aneurysm were performed using the trans-CMF approach.](nmc-57-284-g3){#F3}

![A cadaveric specimen shows the anatomy of the PICA. The tonsillo-medullary segment and telovelo-tonsillar segment of the PICA were exposed after dissecting the left CMF. This specimen has a large caudal loop of the PICA that is located at the lower level of the tonsil. C.N. = cranial nerve](nmc-57-284-g4){#F4}

###### 

Characteristics of the 13 patients who had undergone OA-PICA bypasses with a trans-CMF approach

  Case   Age/sex   Side   Site of aneurysm       Symptom                     Surgical procedure               Reason of trans-CMF approach   Recipient artery/bypass    p/o bypass patency   p/o complication               mRS p/o \> 1 year
  ------ --------- ------ ---------------------- --------------------------- -------------------------------- ------------------------------ -------------------------- -------------------- ------------------------------ -------------------
  1      55/F      R      Distal PICA            SAH (WFNS grade IV)         Bypass + Trap                    caudal loop dissection         cranial loop/end-to-end    good                                                2
  2      65/M      L      Proximal PICA          cerebellar infarction       Bypass + Trap                    caudal loop dissection         cranial loop/end-to-side   good                                                0
  3      82/F      L      VA-PICA                SAH (WFNS grade I)          Bypass + Trap                    high position of caudal loop   caudal loop/end-to-side    good                                                0
  4      82/M      R      VA-PICA                headache                    Bypass + Trap                    high position of caudal loop   caudal loop/end-to-side    good                 transient dysphagia            0
  5      58/F      R      VA-PICA                cerebellar infarction       Bypass + Trap                    high position of caudal loop   caudal loop/end-to-side    good                 transient dysphagia            0
  6      38/M      L      proximal PICA and VA   Wallenberg synd.            Bypass + Trap                    caudal loop dissection         cranial loop/end-to-end    good                                                0
  7      70/F      R      VA (PICA involved)     incidental (TN)             Bypass + Proximal ligation       high position of caudal loop   caudal loop/end-to-side    good                                                0
  8      44/M      R      VA (PICA involved)     neck pain                   Bypass + Proximal ligation       high position of caudal loop   caudal loop/end-to-side    good                 lateral medulla infarction     1
  9      69/F      R      VA-PICA                incidental (MCA AN)         Bypass + Trap                    high position of caudal loop   caudal loop/end-to-side    good                                                0
  10     54/F      R      VA (PICA involved)     Wallenberg synd.            Proximal ligation and wrapping   high position of caudal loop   caudal loop/end-to-side    occluded                                            0
  11     75/M      L      VA (PICA involved)     incidental                  Bypass + Proximal ligation       high position of caudal loop   caudal loop/end-to-side    good                                                0
  12     59/M      L      VA (PICA involved)     lower cranial nerve palsy   Bypass + Proximal ligation       high position of caudal loop   caudal loop/end-to-side    good                 posterior medulla infarction   0
  13     40/F      R      VA-PICA                SAH (WFNS grade I)          Bypass + Trap                    high position of caudal loop   caudal loop/end-to-side    good                                                0

AN: aneurysm, CMF: cerebellomedullary fissure, F: female, L: left, M: male, MCA: middle cerebral artery, mRS: modified Rankin Scale, OA: occipital artery, p/o: postoperative, PICA: posterior inferior cerebellar artery, R: right, synd: syndrome, SAH: subarachnoid hemorrhage, TN: trigeminal neuralgia, VA: vertebral artery, WFNS: World Federation of Neurological Surgeons.
